Background. Post-thrombotic intracerebral hemorrhage (ICH) is experienced by 6-8% of stroke patients and is associated with multiple factors, including acquired coagulopathy induced by the thrombolytic drug.
Background
Intravenously (IV) recombinant tissue plasminogen activator (rt-PA) is the recommended treatment for eligible acute stroke patients 1 associated with an increased risk of intracerebral hemorrhage (ICH) that mainly occurs within 24-36 h after thrombolysis. About 6-8% of stroke patients undergoing IV thrombolysis experienced symptomatic intracerebral hemorrhage (sICH, as defined by National Institute of Neurological Disorders and Stroke -NINDS), and an additional 1.6-3.6% of them had major systemic bleeding events. 2, 3 Numerous studies have identified different hemorrhagic risk factors for post-thrombolytic ICH, but none was recognized as a determinant, given the possible association of multiple factors. Another important hemorrhagic risk factor seems to be an acquired coagulopathy induced by the thrombolytic drug itself, due to incomplete fibrinspecificity causing a fibrinogen consumption and formation of fibrinogen degradation products, which may lead to a prohemorrhagic state supporting bleeding complications. [4] [5] [6] This observational study assessed the clinical outcome of the IV administration of fibrinogen concentrate in a series of acute stroke patients who developed iatrogenic fibrinogen critical depletion after IV thrombolysis.
Material and methods
In the Stroke Unit in Modena University Hospital (Italy), from among 700 ischemic stroke patients treated with IV thrombolysis, data of 39 patients who had experienced severe hypofibrinogenemia and required infusion with IV fibrinogen concentrate (Haemocomplettan P) was collected: 30 patients were treated with IV rt-PA (76.9% of cases) and 9 were treated with IV rt-PA followed by endovascular thrombectomy (23.1% of cases). Fibrinogen values pre-rt-PA infusion and 2 h after the end of the treatment were measured.
In collaboration with the Modena Hospital hematology consultant, to manage the iatrogenic fibrinogen critical depletion after IV thrombolysis, we created hospital standard operating procedures (SOPs) for fibrinogen supplementation considering, as a threshold level for severe hypofibrinogenemia post-thrombolysis, an absolute value <100 mg/dL of fibrinogen level for patients without ICH, and a threshold <200 mg/dL in case of ICH or, in both cases, a relative decrease of fibrinogen levels pre-and post-thrombolysis) >30%. 4 Patients fulfilling the inclusion criteria (fibrinogen supplementation considering, as a threshold level for severe hypofibrinogenemia post-thrombolysis, an absolute value <100 mg/dL of fibrinogen level for patients without ICH, and a threshold <200 mg/dL in case of ICH or, in both cases, a relative decrease of fibrinogen levels pre-and postthrombolysis) >30%) were treated with 2 g of IV fibrinogen, followed by further doses until the fibrinogen level reached 200 mg/dL in hemorrhagic patients or 100 mg/dL in nonhemorrhagic patients (Haemocomplettan P mean dose 2 g; 5 patients with 4 g and 2 patients with 6 g).
Statistical analysis
Patients' characteristics will be summarized by means of cross-tabulations for categorical variables or by means of quintiles for continuous variables. Distribution differences of continuous variables over time were assessed using the Mann-Whitney U test. All tests were two-sided, accepting p < 0.05 as indicating a statistically significant difference. Analyses were performed by SAS v. 9.1.3 statistical software (SAS Institute, Cary, USA).
Results
Among the 39 patients enrolled, there were 15 females (38.5%) and 24 males (61.5%), with a median age of 78 years (range: 30-96 years) and with a baseline median National Institutes of Health Stroke Scale (NIHSS) clinical stroke severity grade of 14 (range: 2-24). Table 1 provides a short description of patient characteristics.
The overall difference between the NIHSS scores pre-and post-thrombolysis was statistically significant (p = 0.0002), as well as the difference between the NIHSS scores pre-and post-thrombolysis at 24-hour evaluation (p = 0.0455), and between the NIHSS scores pre-and postthrombolysis at 7-day assessment (p = 0.0006). After 24 h post-thrombolysis, the median NIHSS score was 9 (min 0, max 31) and after 7 days it was 5 (min 0, max 37). The brain computed tomography (CT) scans performed within the first 7 days post-thrombolysis showed that 20 out of 39 patients (51.28%) had ICH (1 with hemorrhagic infarction type 1 (H1) and 6 with parenchymal hemorrhage type 1 (PH1); 4 with hemorrhagic infarction type 2 (H2), and 9 with parenchymal hemorrhage type 2 (PH2) (Fig. 1) .
The patients had symptomatic and asymptomatic hemorrhages. Symptomatic hemorrhage, defined according to the NINDS classification, was present in half of the ICH patients (25.6% of the whole sample). The median prethrombolysis fibrinogenemia was 332 mg/dL (range: 170-815 mg/dL), which significantly dropped to 133 mg/dL (range: 18-231 mg/dL (p < 0.0001) after rt-PA, with a median drop rate of 60%.
After the infusion of fibrinogen concentrate, the median level of fibrinogenemia rose to 160 mg/dL (min 56 mg/dL, max 337 mg/dL), was significantly higher than the post-thrombolysis median levels (p < 0.0001), and with a median decrease of −64.61 mg/dL (min −97.8 mg/dL, max 42.2 mg/dL) compared with the pre-thrombolysis levels.
Subsequent controls showed a recanalization in 25 out of 28 patients (89.29%): complete in 18/28 patients (46.15%) and partial in 7/28 patients (17.95%). Hence, a complete or partial recanalization was observed in more than 60% of the patients. Data from 11 out of 28 patients (28.19%) was not available due to missing neurological or radiological assessments.
Regarding the safety of fibrinogen supplementation with Haemocomplettan P, in this case a series of 37 out of 39 patients (94.77%) had no thrombotic complications after fibrinogen IV infusion, while 2/39 (0.05%) patients experienced a pulmonary embolism, 1 of them a segmental one. For 1 of these 2 cases, further investigations gave a subsequent diagnosis of a metastatic pancreatic tumor, which likely had a relevant role in this case, given the well-known paraneoplastic pro-thrombotic condition of pancreatic cancer.
Discussion
In this study, we selected a treatment based on the supplementation of fibrinogen concentrate, taking into account the pathogenesis and mechanism of early rt-PA coagulopathy and the allergic infections and hypervolemic concerns likely associated with fresh frozen plasma and cryoprecipitate.
Most of the patients were supplemented with a limited amount of fibrinogen concentrate (2 g), which significantly increased their final fibrinogen levels, mainly to counteract the fibrinogen consumption due to the previous thrombolytic procedure. The final median fibrinogen level of 64.61 mg/dL was lower than pre-rt-PA levels. The clinical conditions of the patients globally improved, with a significant decrease of the median NIHSS score from 14 at baseline to 9 after 24 h post-thrombolysis, and to 5 after 7 days.
Relevant worsening after fibrinolytic treatment was limited to 6 patients; 5 of them experienced a severe sICH associated with fibrinogen depletion and infusion of IV fibrinogen concentrate after detection of post-thrombolysis ICH. This data could suggest the possible role of hypofibrinogenemia in increasing the risk of bleeding (in particular for sICH) and subsequent poor clinical outcome.
Several studies have highlighted that a critical drop in fibrinogen levels after IV thrombolysis, due to so-called "early rt-PA coagulopathy", is associated with an increased risk of bleeding. 5, 6 Apart from a pro-hemorrhagic effect, fibrin and fibrinogen concentrates may have a direct role in the coagulation cascade, as reported by several studies, whereby the fibrinogen supplementation is applied with anti-hemorrhagic purposes in patients with severe hemorrhages and related fibrinogen deficiency following trauma, surgery, etc. [7] [8] [9] [10] In a previous study of Vandelli et al., performed on 104 ischemic stroke patients undergoing rt-PA therapy, the subsequent bleeding rate in the low fibrinogen group was significantly higher (43.9%) than in the normal fibrinogen group (9.5%; odds ratio (OR) = 7.43, p = 0.001). The fibrinogen depletion emerged as a highly significant predictor for bleeding risk, underlying a close temporal relationship with the manifestation of hemorrhage, and accounted for approx. 40% of bleeding events. 4 Currently, in the absence of evidence-based guidelines for managing thrombolysis-associated sICH, current clinical management is empiric and based on expert opinions, and includes the infusion of fresh frozen plasma, cryoprecipitate or fibrinogen concentrate. 11 In a previous study conducted on patients with occlusions of the intracranial internal carotid artery or the first segment of the middle cerebral artery (or both), IV rt-PA treatment resulted in early reperfusion in 13-50% of the subjects. 12 The high reperfusion rate in our sample shows that the infusion of fibrinogen does not reduce the rate of recanalization; hence, it does not affect negatively the chances of the vessel reopening.
Medical literature regarding the rate of thrombotic complication after fibrinogen concentrate use in stroke patients is relatively lacking. However, experiences in cardiac surgery showed that administration of fibrinogen Fig. 1 . Patients enrolled and divided according to intracerebral hemorrhage (ICH)/no ICH, fibrinogen levels <100 mg/dL and reduction rate more or less than 30% concentrate was not associated with an increased risk of mortality and thromboembolic events, 13 and a recent Cochrane review (www.cochranelibrary.com) on fibrinogen concentrate in bleeding patients did not show any adverse events such as thrombotic episodes following the use of fibrinogen concentrate.
14 Moreover, thromboembolic complications reported by a large observational study occurred as pulmonary embolism in 0.51%, deep vein thrombosis (DVT) in 0.74% and venous thromboembolism (VTE) in 1.71% of 14,109,000 hospitalized patients with stroke not treated with fibrinogen concentrate. 15 
Conclusions
This observational study showed the clinical safety of administering IV fibrinogen concentrate in order to increase plasma fibrinogen levels in a series of acute stroke patients developing iatrogenic fibrinogen critical depletion after IV thrombolysis. Further and broader studies are needed to evaluate the clinical efficacy as the rationale for administering IV fibrinogen concentrate in order to reduce the risk of intracranial hemorrhage when administered before hemorrhagic complication or to prevent hematoma expansion when administered after bleeding.
